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DESCRIPTION 



COPPER 



ECTROL YT I C SOLUTION AND ELECTROLYTIC COPPER 



FOIL PRODUCED THEREWITH 



TECHNICAL FIELD 

[0001] This invention relates to a method for producing 
an electrolytic copper foil, and more particularly a copper 
electrolytic solution used in the production of an 
electrolytic copper foil that can be finely patterned and 
has excellent elongation and tensile strength both at 
ordinary temperature and high temperature. 

BACKGROUND ART 

[0002] An electrolytic copper foil is generally produced 
as follows. A rotating metal cathode drum with a polished 
surface is used along with an insoluble metal anode that 
surrounds said cathode drum and is disposed at a position 
substantially corresponding to the lower half of said 
cathode drum, a copper electrolytic solution is allowed to 
flow between the cathode drum and the anode, a potential 
differential is provided between these to electrodeposit 
copper to the cathode drum, and the electrodeposited copper 
is peeled away from the cathode drum at the point of 
reaching a specific thickness, so that a copper foil is 
produced continuously. 

[0003] A copper foil obtained in this way is generally 
called a raw foil, and after this it is subjected to a 
number of surface treatments and used for printed wiring 
boards and so forth. 

[0004] Fig. 1 is a simplified diagram of a conventional 
apparatus for producing a copper foil. This electrolytic 
copper foil production apparatus has a cathode drum 1 
installed in an electrolysis bath containing electrolytic 
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solution. This cathode drum 1 is designed to rotate while 
being partially submerged (substantially the lower half) in 
the electrolytic solution. 

[0005] An insoluble anode 2 is provided so as to surround 
the outer peripheral lower half of this cathode drum 1. A 
specific gap 3 is maintained between the cathode drum 1 and 
the anode 2, and an electrolytic solution is allowed to 
flow through this gap. Two anode plates are disposed in 
the apparatus shown in Fig. 1. 

[0006] With the apparatus in Fig. 1, the electrolytic 
solution is supplied from below, and this electrolytic 
solution goes through the gap 3 between the cathode drum 1 
and the anode 2, overflows from the top edge of the anode 2, 
and is then recirculated. A rectifier is interposed 
between the cathode drum 1 and the anode 2 so that a 
specific voltage can be maintained between the two 
components . 

[0007] As the cathode drum 1 rotates, the thickness of 
the copper electrodeposited from the electrolytic solution 
increases. When at least a certain thickness is reached, 
this raw foil 4 is peeled away and continuously taken up. 
A raw foil produced in this manner is adjusted for 
thickness by varying the distance between the cathode drum 
1 and the anode 2, the flow rate of the supplied 
electrolytic solution, or the amount of electricity 
supplied. 

[0008] A copper foil produced with an electrolytic copper 
foil producing apparatus such as this has a mirror surface 
on the side touching the cathode drum, but the opposite 
side is a rough surface with bumps and pits. Problems 
encountered with ordinary electrolysis are that the bumps 
and pits on the rough side are severe, undercutting tends 
to occur during etching, and fine patterning is difficult. 
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[0009] On the one hand, as the density on printed wiring 
boards has steadily risen, there has more recently been a 
need for a copper foil that can be more finely patterned as 
circuit width decreases and multilayer circuits are 
produced. This fine patterning requires a copper foil that 
has a good etching rate and uniform solubility, that is, a 
copper foil with excellent etching characteristics. 
[0010] On the other hand, the performance needed in a 
copper foil used for printed wiring boards is not just its 
elongation at ordinary temperature, but also its high- 
temperature characteristics for preventing cracking caused 
by thermal stress, as well as high tensile strength for 
good dimensional stability in a printed wiring board. 
However, a copper foils in which the dumps and pits of the 
rough surface side are severe as mentioned above has the 
problem of being totally unsuited to fine patterning, as 
discussed above. Because of this, smoothing the rough side 
to a low profile has been investigated. 

[0011] It is known that achieving a low profile generally 
can be accomplished by adding a large amount of glue or 
thiourea to the electrolytic solution. 

[0012] Nevertheless, a problem with such additives is 
that they sharply decrease the elongation at ordinary 
temperature and high temperature, which greatly lowers 
performance of the copper foil when used for a printed 
wiring board. 

[0013] It has also been proposed that the elongation 
characteristics of the resultant copper foil can be 
improved by using an adduct salt of a polyepichlorohydrin 
and a tertiary amine as an additive to a copper plating 
solution (Specification of U.S. Patent 6,183,622). 
[0014] However, the inventors have confirmed that this 
method actually results in deterioration of elongation 
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characteristics, and does not contribute to achieving a 
lower profile. 

DISCLOSURE OF THE INVENTION 

[0015] It is an object of the present invention to 
provide a copper electrolytic solution used to obtain a 
low-profile electrolytic copper foil with low surface 
roughness on the rough side (the opposite side from the 
glossy side) in the production of an electrolytic copper 
foil using a cathode drum f and more particularly to provide 
a copper electrolytic solution used to obtain an 
electrolytic copper foil that has reduced transmission loss 
at high frequency, can be finely patterned, and has 
excellent elongation and tensile strength both at ordinary 
temperature and high temperature. 

[0016] The inventors learned that if optimal additives 
that afford a lower profile are added to an electrolytic 
solution, fine patterning will be possible and an 
electrolytic copper foil can be obtained with excellent 
elongation and tensile strength at both ordinary 
temperature and high temperature. 

[0017] Based on this finding, the inventors examined 
additives that are added to an electrolytic solution in an 
electrolytic copper foil producing method in which a copper 
electrolytic solution is' allowed to flow between a cathode 
drum and an anode, copper is electrodeposited on the 
cathode drum, and the electrodeposited copper foil is 
peeled away from the cathode drum to continuously produce a 
copper foil. As a result, they arrived at the present 
invention upon discovering that if electrolysis is 
performed using a copper electrolytic solution containing 
an organic sulfur compound and a quaternary amine compound 
with a specific structure, fine patterning will be possible 
and an electrolytic copper foil can be obtained with 
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excellent elongation and tensile strength at both ordinary 
temperature and high temperature. 

[0018] Specifically, the present invention is constituted 
as follows . 

[0019] (1) A copper electrolytic solution containing as 
additives (A) at least one quaternary amine salt selected 
from the group consisting of (a) quaternary amine salts 
obtained by reaction between epichlorohydrin and an amine 
compound mixture composed of a secondary amine compound and 
a tertiary amine compound, and (b) poly epichlorohydrin 
quaternary amine salts, and (B) an organic sulfur compound. 
[0020] (2) The copper electrolytic solution according to 
(1) above, wherein the polyepichlorohydrin quaternary amine 
salt is composed of repeating units expressed by the 
following General Formula ( 1 ) : 

^CH 2 -CH-O^CH 2 --CH-ot- (1) 
CH 2 CH 2 

n + cr ci 

FT R* R 3 

(in General Formula (1), R 1 , R 2 , and R 3 are each a methyl 
group or ethyl group, n is a number greater than zero, m is 
a number greater than zero, n + m = 10 to 1000, and n/(n + 
m) 0.65) . 

[0021] (3) The copper electrolytic solution according to 
(1) above, wherein the quaternary amine salt obtained by 
reaction between epichlorohydrin and an amine compound 
mixture composed of a secondary amine compound and a 
tertiary amine compound is expressed by the following 
General Formula (2): 
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R 1 

\ 



C I" 



N-fCHj-CH-CH t -N 

/ \ /\ 

R« oh R 3 



c 7 

H 2 -CH-CH 2 -N f - 



I 

OH 



(2) 



(in General Formula (2), R 1 , R 2 , R 3 , r\ r 5 , r*, and R 7 are 
each a methyl group or ethyl group, and n is a number from 
1 to 1000) . 

[0022] (4) The copper electrolytic solution according to 
(1) above, wherein the organic sulfur compound is expressed 
by the following General Formula ( 3 ) or ( 4 ) : 
X-R 1 -(S) n -R 2 -Y (3) 
R 4 -S-R 3 -S0 3 Z (4) 
(in General Formulas (3) and (4), R 1 , r 2 , and R 3 are each an 
alkylene group with 1 to 8 carbon atoms, R 4 is selected 
from the group consisting of hydrogen, 




h 3 c- ch 2 -o-c- and c- 

H 2 N / 

X is selected from the group consisting of hydrogen, a 
sulfonic acid group, a phosphonic acid group, and an alkali 
metal salt or ammonium base of sulfonic acid or phosphonic 
acid, Y is selected from the group consisting of a sulfonic 
acid group, a phosphonic acid group, and an alkali metal 
salt of sulfonic acid or phosphonic acid, Z is hydrogen or 
an alkali metal, and n is 2 or 3). 
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[0023] (5) An electrolytic copper foil produced using the 
copper electrolytic solution according to any of (1) to (4) 
above. 

[0024] (6) A copper-clad laminated board produced using 
the electrolytic copper foil according to (5) above. 
[0025] in the present invention, it is important that the 
copper electrolytic solution contain (A) at least one 
quaternary amine salt selected from the group consisting of 

(a) quaternary amine salts obtained by reaction between 
epichlorohydrin and an amine compound mixture composed of a 
secondary amine compound and a tertiary amine compound, and 

(b) poly epichlorohydrin quaternary amine salts obtained by 
subjecting epichlorohydrin to ring-opening polymerization 
and then reacting this product with a tertiary amine 
compound, and (B) an organic sulfur compound. The object 
of the present invention will not be achieved by adding 
just one or the other of these. 

[0026] The quaternary amine additive used in the present 
invention can be produced as follows. 

[0027] The quaternary amine compound of General Formula 
(1) can be obtained by subjecting epichlorohydrin to ring- 
opening polymerization and then reacting the 
polyepichlorohydrin thus obtained with a tertiary amine 
compound. The ring-opening polymerization of the 
epichlorohydrin can be easily accomplished by using a known 
acid or base catalyst. 

[0028] The reaction between the polyepichlorohydrin and 
the tertiary amine compound involves heating and stirring 
polyepichlorohydrin and a tertiary amine aqueous solution 
(1 to 10 times the molar amount of polyepichlorohydrin) at 
100°C, for example, reacting the components for about 1 to 
100 hours, and distilling off any unreacted tertiary amine. 
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[0029] In the above-mentioned General Formula (1), m + n 
= 10 to 1000, but a range of 10 to 500 is preferred. Also, 
n/(n + m) a 0.65, but n/(n + m) a 0.8 is preferable. 
[0030] The quaternary amine compound expressed by General 
Formula (2) is obtained by slowly adding a mixture of a 
secondary amine compound and a tertiary amine compound 
dropwise to epichlorohydrin at room temperature over a 
period of 30 minutes to 2 hours, and continuing a heating 
reaction at 40 to 80°C for 1 to 5 hours after this dropwise 
addition. n in General Formula (2) is a number from 1 to 
1000, but is preferably from 50 to 500. 

[0031] The ratio between the secondary amine compound and 
tertiary amine compound in the amine mixture is preferably 
such that secondary amine compound: tertiary amine compound 
= 5:95 to 95:5 (mol%). The ratio in which the 
epichlorohydrin and the amine mixture are reacted is 
preferably such that epichlorohydrin: amine mixture 
(tertiary amine compound + secondary amine compound) = 1:2 
to 2:1 (mol%) . 

[0032] The organic sulfur compound is preferably a 
compound having a structure expressed by the above- 
mentioned General Formula ( 3 ) or ( 4 ) . 

[0033] In General Formulas (3) and (4), the alkali metal 

salt of sulfonic acid or phosphonic acid in X and Y is 

preferably a sodium salt or potassium salt, and the alkali 

metal in Z is preferably sodium or potassium. 

[0034] The following are examples of the organic sulfur 

compound expressed by General Formula (3) that can be used 

favorably. 

H2O3P- ( CH 2 ) 3-S-S- ( CH 2 ) 3 -P0 3 H 2 
Na0 3 S- ( CH 2 ) 3-S-S- ( CH 2 ) 3 -S0 3 Na 
HO3S- (CH 2 ) 2 -S-S- ( CH 2 ) 2 -S0 3 H 
CH 3 -S-S-CH 2 -S0 3 H 

Na0 3 S- ( CH 2 ) 3-S-S-S- ( CH 2 ) 3 -S0 3 Na 
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( CH 3 ) 2 CH-S-S- ( CH 2 ) 2-SO3H 
[0035] The following are examples of the organic sulfur 
compound expressed by the above-mentioned General Formula 
(4) that can be used favorably. 

HS-CH,CHjCH r SO,Na 
HS-CHjCH r SO,Na 

Vs-CH^HjCHj-SOjNa 
N-C-S-CH 2 CH 2 CH r S0 3 N a 

H 3 C / 

S 
11 

HjC-CHj-O-C-S-C^CHjCHj-SOjK 
NH 

H t N-C-S-CH,CH,CH r SO,H 




[0036] The ratio (weight ratio) of the quaternary amine 
compound and the organic sulfur compound in the copper 
electrolytic solution is preferably from 1:5 to 5:1, and 
even more preferably from 1:2 to 2:1. The concentration of 
the quaternary amine compound in the copper electrolytic 
solution is from 0.1 to 500 ppm, and preferably from 1 to 
50 ppm. 

[0037] it is important that the copper electrolytic 
solution of the present invention contain the above- 
mentioned specific quaternary amine compound and organic 
sulfur compound, but can also contain other components used 
in the past. For example, in addition to the above- 
mentioned amine compound and organic sulfur compound, 
polyethylene glycol, polypropylene glycol, and other such 
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polyether compounds, polyethyleneimine, phenazine dyes, 
glue, cellulose, and other such known additives may be 
added to the copper electrolytic solution. 

[0038] Also, the copper-clad laminated board obtained by 
laminating the electrolytic copper foil of the present 
invention has excellent smoothness and excellent elongation 
and tensile strength at both ordinary temperature and high 
temperature, and is therefore a copper-clad laminated board 
that is suited to fine patterning. 

BRIEF DESCRIPTION OF THE DRAWING 

[0039] Fig. 1 is a simplified diagram of an apparatus for 
producing a copper foil. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0040] The present invention will now be described in 

further detail through examples. 

Examples 1 to 12 and Comparative Examples 1 to 9 

[0041] The electrolytic copper foil producing apparatus 
shown in Fig. 1 was used to produce electrolytic copper 
foils with a thickness of 35 jim. The composition of the 
electrolytic solution was as follows. 

Cu: 90 g/L 

H 2 S0 4 : 80 g/L 

CI: 60 ppm 

Solution temperature: 55 to 57°C 

Additive Bl: bis (3 -sulf opropyl ) disulfide disodium 
(SPS, made by Raschig Corporation) 

Additive B2 : sodium salt of 3-mercapto-l- 

propanesulfonic acid (MPS, made by Raschig 
Corporation) 

Additive A: a quaternary amine compound having a 
specific structure 
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al to a5: reaction product of 

epichlorohydrin and mixture of 
trimethylamine and dimethylamine 



Table 1 - Reaction product of epichlorohydrin and 



mixture of trimethylamine and dimethylamine 





Epichloro 
-hydrin 
(mol%) 


Trimethyl- 
amine 
<mol%) 


Dimethyl- 
amine 
(mol%) 


Reaction 
temperature 

(°C) 


Reaction 

time 
( hours ) 


al 


100 


80 


20 


60 


3 


a2 


100 


60 


40 


60 


3 


a3 


100 


80 


20 


80 


3 


a4 


100 


60 


40 


80 


3 


a5 


100 


95 


5 


100 


3 



b: trimethylamine salt of polyepichlorohydrin 
expressed by the following formula (m:n = 1:6, molecular 
weight: 4000) 



-£ C H 2 - C H -O C H 2 - C H -O 

CH Z CH 2 

I I 
N + C I " CI 

CHa CHa CH3 

[0042] The surface roughness Rz (^m), ordinary 
temperature elongation (%), ordinary temperature tensile 
strength (kfg/mm 2 ), high temperature elongation (%), and 
high temperature tensile strength (kfg/mm 2 ) of the 
electrolytic copper foils thus obtained were measured. 
These results are given in Tables 2-1 and 2-2. 
[0043] These measurements were conducted according to the 
following methods. 

Surface roughness Rz: JIS B 0601 



V 
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Ordinary temperature elongation, ordinary temperature 
tensile strength, high temperature elongation, and high 
temperature tensile strength: IPC-TM650 
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[0044] As shown in Table 2 above, in Examples 1 to 12, in 
which the additives of the present invention (the organic 
sulfur compound and quaternary amine compound having a 
specific structure) were added, the surface roughness Rz 
was between 0.93 and 1.78 ym, the ordinary temperature 
elongation was from 3.10 to 10.34 (%), the ordinary 
temperature tensile strength was from 31.0 to 76.5 
(kgf/mm 2 ), the high temperature elongation was from 8.8 to 
18.5 (%), and the high temperature tensile strength was 
from 20.0 to 23.0 (kgf/mm 2 ). Thus, despite the fact that a 
much lower profile was achieved, the ordinary temperature 
elongation, ordinary temperature tensile strength, high 
temperature elongation, and high temperature tensile 
strength were all as good or better than those in 
Comparative Example 1, in which neither additive was added. 

Comparative Examples 10 and 11 

[0045] Other than not using the combination of additives 
of the present invention for the electrolytic solution, and 
using thiourea as shown in Table 3 instead of the organic 
sulfur compound, an electrolytic copper foil was produced 
and evaluated in the same manner as in Example 1. These 
results are given in Table 3 . 



Table 3 





Thiourea 
(ppm) 


b 

(ppm) 


Rz 


Ordinary 

temp . 
elonga- 
tion (%) 


Ordinary 

temp, 
tensile 
strength 
(kgf/mm 2 ) 


High 
temp, 
elonga- 
tion 
(%) 


High 
temp, 
tensile 
strength 
(kgf/mm 2 ) 


Comp. 
Ex. 
10 


50 


50 


Foil formation was impossible 
(impossible to peel from drum) 


Comp. 
Ex. 
11 


5 


95 


2.37 


1.23 


50.9 


1.62 


16.1 



b: trimethylamine salt of polyepichlorohydrin 
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[0046] As shown in Table 3, the electrolytic solutions of 
Comparative Examples 10 and 11 were effective in terms of 
lowering the profile, but this effect was still inferior to 
that of the present invention. 

[0047] In contrast to these, a lower profile could not be 
achieved with Comparative Example 1, in which no additive 
was used, or in Comparative Examples 2 to 9, in which just 
one additive was used. Also, the results for ordinary 
temperature elongation, ordinary temperature tensile 
strength, high temperature elongation, and high temperature 
tensile strength were actually worse when just one additive 
was used. The above confirms that the addition of the 
quaternary amine compound and organic sulfur compound 
specified in the present invention is extremely effective 
at lowering the profile on the rough side of an 
electrolytic copper foil, that not only elongation at 
ordinary temperature, but also the high temperature 
elongation characteristics can be effectively maintained, 
and that a high tensile strength is similarly obtained. 
The above-mentioned joint addition is important, and it can 
be seen that the above characteristics can be obtained only 
when both additives are used. 

INDUSTRIAL APPLICABILITY 

[0048] As described above, using the copper electrolytic 
solution of the present invention affords a marked 
reduction in profile height, and allows an electrolytic 
copper foil to be obtained with excellent ordinary 
temperature elongation, ordinary temperature tensile 
strength, high temperature elongation, and high temperature 
tensile strength. Furthermore, using this electrolytic 
copper foil allows the resulting copper-clad laminated 
board to be finely patterned. 



